Electronic Version 
Stylesheet Version vl.1.1 

Description 

TEMPERATURE PROBE AND INSERTION 

DEVICE 

Cross Reference to Related Applications 

[0001] This patent application is a continuation application of 

U.S. Patent Application No. 10/302,056 filed November 

22, 2002, currently pending. 
Background of Invention 

[0002] The present invention relates to an improved temperature 
probe for use in measuring or monitoring the temperature 
of fluid. 

[0003] | n the transporting of natural gas, which oftentimes com- 
prises both gaseous components and liquid components, 
the natural gas is transported through a pipeline from a 
gas well or the like to a point of use or distribution. Irre- 
spective of the size of such pipelines, they operate in sub- 
stantially the same way. During the transporting of natural 
gas in pipelines, it has been found important to monitor 
certain variables regarding the condition of the natural 



gas. Monitored variables can include pressure, tempera- 
ture, speed of flow and flow rate. These variables are im- 
portant in order to determine not only the state of the 
natural gas, but the properties of the gas and its eco- 
nomic value. For example, its BTU value as delivered to a 
customer and the relative proportions of gaseous compo- 
nents to liquid components. The variables as measured, 
should provide as instantaneous and real time value for 
the variables as is practicable. This is particularly true 
when calculating the BTU value of the natural gas since 
natural gas is sold by its volume and BTU value (MMBtu). 
Even a small fraction of a percent in variation from the ac- 
tual condition to the measured condition can equate to a 
potential significant decline in profits of the buyer or 
seller by failing to know the true BTU value of natural gas. 
The actual values are thus important for both buyer and 
seller with both oftentimes monitoring the natural gas and 
sometimes using an independent third party to monitor. 

[0004] Many devices for monitoring variables, such as tempera- 
ture and pressure of natural gas, are available from Welker 
Engineering of Sugar Land, Texas. 

[0005] Much engineering work has gone into refining and im- 
proving the ability to monitor natural gas properties but 



improvements, even though minor in accuracy, are impor- 
tant in order to obtain more accurate information about 
the natural gas and hence its economic value. Further, 
durability and reliable functioning are important factors. 
[0006] t wo commercial temperature probes are Welker model 
AITP-1F and Model AITP-1S. Both of these probes are of 
the automatic insertion type which allows for an operator 
to selectively have the temperature sensing probe inside 
the pipeline (extended), or outside of the normal gas flow 
path of the pipeline (retracted) in the event pigging is de- 
sired for the pipeline. The retraction of the probe allows a 
pig to move unimpeded through the pipeline as is known 
in the art. The temperature sensing probe includes a sen- 
sor with a sensing element, such as a thermocouple, en- 
closed within a closed carrier rod for movement into and 
out of the pipeline and to protect the sensing element. 
The sensor typically has the sensing element enclosed in a 
tubular housing. Such housings are generally small, e.g., 
1/8-3/16 inch in diameter and can be made of metal or 
plastic depending on the application. The inside dimen- 
sion of the housing is approximately equal to the exterior 
size of the sensing element and there is preferably contact 
between the sensing element and housing to improve heat 



transfer and to reduce the temperature gradient. Enclos- 
ing the sensor within a closed end carrier seals the inte- 
rior of the pipeline from the exterior of the pipeline in a 
simple and effective manner. The enclosing of the sensor 
in a carrier also provides needed durability and function- 
ality. The flowing gas can be moving as fast as 200ft/sec 
and sometimes faster. The natural gas can also have en- 
trained liquid that can impact on the carrier possibly set- 
ting up vibrations or causing damage. Also, the probes 
can be very long for the section that extends into the 
pipeline. The exposed portion of the probe must have 
sufficient structural properties, e.g., resistance to bending 
to withstand the forces applied thereto. They must resist 
damage from the impinging liquid and must also be resis- 
tant to vibration that can damage and even break the 
probe. A thermocouple sensor is on its own not well 
adapted for use in a natural gas pipeline because of its 
size and strength. To solve these problems, the industry 
has enclosed the sensor completely in a carrier. Enclosing 
provides the advantages of sealing against leakage from 
the conduit interior to its exterior, strength and protection 
of the sensor. The use of an enclosed sensor was consid- 
ered to be acceptable. However, increased measurement 



accuracy and responsiveness is desired while still achiev- 
ing the goals of sensor protection and sealing the interior 
of the pipeline from the exterior of the pipeline. 
[0007] with prior art devices, if maintenance is needed, a signifi- 
cant amount of disassembly or possibly shutting down the 
pipeline was required in order to effect maintenance. This 
is costly as well as time consuming and presents dangers 
should there be residual pressure in the line allowing the 
natural gas to escape when parts of the devices are re- 
moved. The positioning of temperature sensors in the 
flow stream is effected by having the sensor pass through 
an isolation valve that is used to selectively isolate the in- 
terior of the pipeline from the probe device when the 
sensing element is retracted. This requires a valve assem- 
bly that allows the valve element to be open for the sens- 
ing element to be extended through, retracted from and 
remain in the extended position. To do maintenance work 
on the probe or to pig the line, the sensing element is re- 
tracted past the isolation valve, after which the isolation 
valve is closed to allow work on the insertion device, 
sensing element and/or pipeline. However, given the con- 
struction of currently available probes and insertion de- 
vices, it is not possible to eliminate the isolation valve on 



a line unless one is willing to shut the line down in order 
to effect maintenance on or installation of a monitoring 
device after the pipeline is constructed except during 
down periods on the pipeline. 

[0008] Another problem is the expense of providing the insertion 
devices for extending and retracting the sensing element. 
Automatic insertion devices are available in two basic 
forms. The first form of device involves the use of a per- 
manently attached gas or liquid powered linear motion 
cylinder drive and the entire device is attached to the 
pipeline or the like. However, each probe has a drive, and 
the drives are seldom used, resulting in a relatively large 
investment in drives. The second form of automatic inser- 
tion device uses a removable gas or liquid powered linear 
motion cylinder drive allowing the drive to be used at 
multiple locations thereby reducing the investment in 
drives. An example of a permanently attached drive is a 
Welker Model AID-1. Examples of removable drives are 
Welker Models AID-2 and AID-3. 

[0009] Therefore, there is a need for an improved insertion de- 
vice and sensing probe. 
Summary of Invention 

[0010] The invention involves the provision of a sensing probe 



device with a drive and an insertable sensor such as a 
temperature probe for use in the measurement of a fluid 
variable in a conduit, e.g., a pipeline. The sensor includes 
a sensing element. The sensor is carried by a rod that is 
selectively insertable into a conduit and moveable be- 
tween an extended position and a retracted position. 
When the sensor is in the extended position it is in the 
flow stream of the fluid flowing through the conduit. 

[001 1] | n one aspect of the invention, the sensor is a temperature 
sensor with a sensing element such as a thermocouple. 
The sensor or sensing element is exposed directly to the 
fluid in the conduit. The sensing element is contained 
within a guard to provide protection and stabilization for 
the sensing element. 

[0012] The present invention also involves the provision of an 
automatic insertion device utilizing a valve assembly and 
probe arrangement that permits removal of a sensing ele- 
ment while maintaining the interior of the conduit out of 
flow communication with the exterior of the conduit and 
allowing for easy disassembly of the drive that selectively 
extends and retracts the probe into and out of the flow 
stream in the conduit. The valve assembly may be used in 
combination with an exposed sensor. 



Brief Description of Drawings 

[0013] pig. 1 is an end sectional view of a conduit and insertion 
device with a sensor probe shown in an extended posi- 
tion. 

[0014] pig 2 is a sectional view taken along the line 2-2, Fig. 1 
showing details of the sensing element and carrier. 

[0015] Fig. 3 is a sectional view taken along the line 3-3, Fig. 1, 
showing additional details of the carrier and sensor de- 
vice. 

[0016] Fig. 4 is a sectional view similar to Fig. 1 showing the sen- 
sor probe in a retracted position. 

[0017] Fig. 5 is an enlarged sectional view of the sensor probe 
and lower end of the carrier. 

[0018] Ljke numbers designate like or similar parts throughout 

the drawings. 
Detailed Description 

[0019] The reference numeral 1 designates generally an appara- 
tus usable to monitor a variable relating to the condition 
of a fluid, such as natural gas, in a conduit 3 which may 
be a pipeline. Apparatus 1 includes a sensor (probe) de- 
vice designated generally 5 and a drive designated gener- 
ally 7 mounted on the conduit 3 and operable for selec- 



tively moving at least a portion of the sensor 5 to an ex- 
tended position in a flow stream in the conduit 3. A con- 
necting mechanism designated generally 9 is provided for 
mounting of the drive 7 on the conduit 3 and is preferably 
adapted for allowing removal of the drive 7 from the con- 
duit 3 after installation. 
[0020] As seen in Figs. 1 and 2, the sensor 5 includes a sensing 
element 11. The sensing element 11 is preferably adapted 
to sense temperature of the fluid in the conduit 3 and en- 
closed within a rigid shield or housing 17 which is shown 
as a closed end tube. The sensing element 11, for exam- 
ple, can be a thermocouple that is mounted to a carrier 
designated generally 13. The illustrated carrier 13 in- 
cludes an elongate tubular rod 25. Sensor 5 also includes 
leads 15 operable for carrying a signal from the sensing 
element 11 to a device (not shown) for recording and/or 
providing a readout for the sensed variable. Such devices 
are well known in the art. It is to be understood, however, 
that other types of sensors can be used with the drive 7. 
In one embodiment, the housing 17 may have a length 
sufficient to engage a cap 59 to prevent longitudinal 
movement of the sensor 5 within the interior of rod 25 
under the influence of the pressurized fluid in the conduit 



3. A shorter housing 17 may be provided as seen in Figs. 
1, 4. The housing 17 may be metal or plastic and when 
the sensing element 11 is a thermocouple, it is preferably 
in good heat transfer relationship therewith, as in direct 
contact or potted in place with a good heat transfer 
medium. Leads 15 extend through the housing 17 and 
exit out end 18 as seen in Figs. 1, 4. The sensor 5 is 
mounted in the carrier 13 through an elongate longitudi- 
nal bore 19 in the rod 25. Preferably, sensor 5 is remov- 
ably mounted within the carrier 13 and is sealed to the 
carrier 13 as for example by an O-ring 21 which is 
mounted in an internal groove 24 of a retainer 32 which is 
secured in the bore 19 as by friction, adhesive, mutual 
threaded engagement or the like and sealed to the rod 25 
by an O-ring 22 (Fig. 5). The O-rings 21, 22 seal pressur- 
ized fluid in the conduit from flowing through the bore 19 
along the length of the rod 25 and may frictionally retain 
the sensor 5 in position during use. A tool, not shown 
may be provided for installing the sensor 5 in the rod 25. 
The sensing element 11, which preferably includes a ther- 
mocouple, is comprised of an end of joined together dis- 
similar metals. The sensor 5, and generally its housing 17, 
is in direct contact with fluid within the conduit 3 when 



the sensor is in its extended position as seen in Fig. 1 and 
may be out of contact with the fluid when the sensor is in 
a retracted position as seen in Fig. 4. 
[0021] one of the sensor 5 or sensing element 11 is exposed for 
direct contact with the fluid when the sensor 5 is in its ex- 
tended position and is simultaneously provided with a 
guard 23 and means to control flow to the sensor or 
sensing element. In the illustrated structure, the guard 23 
is part of the rod 25. Although the sensing element 11 or 
sensor 5 is in direct contact with the fluid, this does not 
mean that they cannot be protected with a coating of ma- 
terial, for example, to resist corrosion. The tubular rod 25 
has a free end 26 and a drive end 27. Preferably, the free 
end 26 is hollow and is provided with a flow director such 
as a through port 29 which is formed by openings 30A 
and 30B as seen in Figs. 1, 2, 4 and 5. Preferably, the rod 
25, as best seen in Fig. 2, is in the form of a ring in trans- 
verse cross section and adapted to receive the housing 17 
through a bore 31 in retainer 32. The seal 21 is preferably 
mounted in the interior of the retainer 32 and projects in- 
wardly to sealingly engage the exterior of housing 17. 
Fluid in the flow path in conduit 3 contacts the sensor 5 or 
sensing element 11 by flowing through the openings 30A, 



30B preferably avoiding appreciable compression and de- 
compression of the fluid. The size, shape and orientation 
of the openings 30A, 30B may be used to control the flow 
of fluid over the sensor 5 or sensing element 11. Prefer- 
ably, the openings 30A and 30B are generally in line with 
the direction of flow of fluid along the conduit 3. Alterna- 
tively, the free-end 26 of the rod 25 may be open and one 
of the openings 30A, 30B may be eliminated. In another 
alternative embodiment, the end 26 of the rod 25 may be 
open and both openings 30A, 30B may be eliminated with 
the end of the rod 25 having a cavity containing a portion 
of the sensor 5 and the sensing element 11. 
[0022] The apparatus 1 is mounted to the conduit 3 by mounting 
a connector 33 to connector 9 as with a plurality of fas- 
teners 35 such as flange bolts and nuts. A seal 37 such as 
an O-ring can be used to seal the connector 33 to con- 
nector 9. Shut off valve 39, which is referred to in the art 
as an isolation valve, is provided preferably between the 
connector 33 and connector 9 and includes a valve ele- 
ment 42 that when open allows the free end portion of the 
carrier 13 and a valve element 45 secured to the carrier 
13 to pass therethrough to move between extended and 
retracted positions. An exemplary shut off valve 39 is a 



full ported ball valve from WKM Industries of Stafford, 
Texas. The valve 39 is optional. The connector 9 is 
mounted to the conduit 3, as for example, by a sealed and 
threaded engagement between an end 47 of the connec- 
tor 9 and a threaded collar 48 such as a Thread-o-let® 
connector or flange mounted which are well known in the 
art. 

[0023] The apparatus 1 includes valve element 45 secured, as by 
welding, to the free end 26 of the rod 25 as described 
above. The connector 9 also forms a valve body which 
when the carrier 13 is retracted, a port 52 is sealed as 
seen in Fig. 4 without requiring the closure of an auxiliary 
valve assembly 55 attached at the port 52 or closing of 
valve 39. The port 50 is in flow communication with the 
conduit 3 when the valve element 45 is in its extended 
and retracted positions allowing operation of the drive 7 
whether the valve element 45 is in its extended or re- 
tracted position. The interior of conduit 3 is sealed from 
the exterior by seals 56 such as O-rings mounted in base 
connector 33 and sealingly engaging the exterior of rod 
25. The bore 19 may also be sealed from the exterior of 
the conduit 3 via a seal member 57 mounted in the cap 59 
adjacent the drive end 27. The rod 25 is secured to the 



cap 59 as by threaded engagement at 61. Thus, move- 
ment of the cap 59 by a piston 69 will effect movement of 
the carrier 13 with rod 25 between the extended and re- 
tracted positions as described below. 
[0024] The drive 7 is operable to effect movement of the carrier 
13, sensor 5 and sensing element 11 between extended 
and retracted positions into and out of the flow stream 
within the conduit 3. Such drives are referred to in the art 
as an automatic insertion device such as those available 
from Welker Engineering. Typical of these are models 
AID-1, AID-2 and AID-3. Any suitable drive may be used, 
however, the drive shown is particularly suited for the 
present invention and is well adapted for maintenance of 
the apparatus 1 and in particular changing of a sensor 5 
without major disassembly. As shown, the drive 7 includes 
an open ended fluid activated cylinder designated gener- 
ally 65. The cylinder 65 includes a generally cylindrical 
housing 67 having a moveable piston 69 therein. The pis- 
ton 69 is moveable in a vertical direction, as seen in Figs. 
1, 4 or longitudinally along the length of the housing 67. 
The housing 67 is ported at 71 for a supply of pressurized 
fluid which is preferably obtained from the conduit 3. 
Pressuring of the back side of the piston 69 (closed end of 



the housing 67) will effect downward movement of the 
piston 69 and consequently the carrier 13 to its extended 
position in the conduit 3. By relieving the pressure on the 
backside of the piston 69, the pressure of the fluid within 
the conduit 3 will move the carrier 13 to its retracted or 
up position by applying a longitudinal force to the carrier 
13. The cap 59 and carrier 13 also move longitudinally 
within the housing 67 during movement of the sensor 5 
between its extended and retracted positions. Preferably, 
the housing 67 has an open end 73 which allows for easy 
removal of the housing 67 from the cap 59 and carrier 13. 
By removing the cap 59 from the rod 25 the sensor 5 may 
be removed from the rod 25 and repaired or replaced 
while the valve element 45 effects isolating the remainder 
of the apparatus 1 from the interior of the conduit 3. The 
leads 15 as seen in Figs. 1, 3, 4 and 5 extend through a 
bore 75 and are retained within grooves 76, 77 to permit 
them to extend out of the open end 73 (when the drive 7 
remains mounted to the conduit 3) for connection to 
monitoring equipment. By being positioned within 
grooves 76, 77, the leads 15 will not interfere with move- 
ment of the cap 59 and piston 69. The leads 15 may be 
also positioned otherwise than within the grooves 76, 77 



but by having the leads 15 and housing 17 pass com- 
pletely through the rod 25 replacement and maintenance 
of the sensor 5 is facilitated. It is to be understood how- 
ever that the rod 25 and sensor 5 may be an integrated 
unit and replaced as an integrated unit instead of just re- 
placing the sensor 5. The housing 67 is secured to the 
connector 9 as for example by fasteners 79 extending 
through a flange 78 for threaded engagement in bores 
(not shown) in a flange 80. Also, the cylinder 65 may be 
removed from the apparatus 1 and used elsewhere and 
then reinstalled when it is desired to move the carrier 13 
between positions. This may be easily accomplished by 
separation of the housing 67 from the flange mount 80. 
The rod 25 may have its motion to move to the extended 
position halted and may be held in its extended position 
by use of a lock collar 81 which may selectively be se- 
cured to the connector 9. It may be desirable to lock the 
carrier 13 in any extended or retracted position if the 
drive 7 is to be removed. The connector 9 includes ports 
50, 52. Retraction of the rod 25, sensor 5 and sensing el- 
ement 11 is limited by the valve element 45 engaging a 
wall 82. The valve 55 would be closed during normal op- 
eration and can be used to exhaust gas contained above 



the valve element 45 in a chamber 83. As seen in Fig. 5, 
the valve element 45 is in the form of a piston and has a 
generally cylindrical side surface 84 with an outwardly 
opening peripheral groove 85 therein. A seal member 86 
such as an O-ring is received in the groove 85 for selec- 
tive sealing engagement with a side wall 87 of the cham- 
ber 83. The seal 86 is engageable with the side wall 87 
forming a seal between the side wall 87 and the valve ele- 
ment 45 when the valve element 45 is in its retracted po- 
sition as seen in Fig. 4. Both the valve element 45 and 
chamber 83 are generally cylindrical thus eliminating the 
need for relative orientation. Thus, the valve element 45 
with seal 86 cooperates with the side wall 87, which is a 
valve seat, to form a valve. The seal formed by the valve 
element 45 and side wall 87 in one embodiment is down- 
stream of the opening(s) exposing the sensor 5 or sensing 
element 11 when the valve element is in the retracted po- 
sition to seal the interior of conduit 3 therefrom. Addi- 
tionally, the valve element 42 may also be in a closed po- 
sition to prevent escape of fluid from the conduit 3 when 
rod 25 is in the retracted position. 
[0025] The cylinder 65 is provided with pressurized fluid from 

the conduit 3. A valve 54 is used to selectively permit flow 



of fluid from the conduit 3 to the housing 67 on the back- 
side of piston 69. Pressurizing the backside of piston 69 
in the housing 67 will move the carrier 13 to its extended 
position. Opening of the valve 54, with the connector 9 
being ported as seen in Figs. 1, 2, allows gas to flow 
through the port 50 to flow through a conduit 91 which is 
connected to the chamber in the housing 67 on the back- 
side of the piston 69 thus driving the carrier 13 to its ex- 
tended position. As described above, the lock collar 81 
may be also used as an extension stop for movement of 
the cap 59 and hence the piston 69 limiting extension 
movement of the carrier 13. A pressure regulator 89 may 
also be used in conduit 91. An exhaust valve 90 may be 
provided to vent the pressurized backside of the cylinder 
65 to atmosphere which would allow carrier 13 to move to 
its retracted position in the event the collar 81 is not re- 
taining the rod 25 in the extended position. It is preferred 
however to maintain the rod 25 in the extended position 
by use of the collar 81 and not pressure on the backside 
of the cylinder 65. 
[0026] | n operation, the apparatus 1 is installed on the conduit 3 
by connection to the connector 33. The backside of the 
cylinder is pressurized after the valve element 42 is 



moved to the open position such that the rod 25 and 
sensing element 11 are moved to the extended position 
inside the conduit 3. The cylinder 7 may be removed after 
tightening of the collar 81 and utilized in other systems. 
When it is desired or necessary to do maintenance work 
on the sensor 5 or the apparatus 1, the drive 7 may be re- 
installed if it is not already installed and the collar 18 
loosened to allow the rod 25 to move upwardly under the 
influence of the pressure of the fluid in the conduit 3. If 
desired, the valve 55 may be opened to relieve the pres- 
sure on the top side of the valve element 45 and prefer- 
ably after the valve 42 is closed to prevent escape of flu- 
ids from the conduit 3. The valve 90 would need to have 
been opened to allow exhausting of the fluid contained on 
the backside of the piston 69 in the housing 67. To do 
maintenance, the housing 67 is removed exposing the cap 
59. The cap 59 may be removed from the rod 25 to allow 
extraction of the sensor 5 from the rod 25 for mainte- 
nance or replacement. 
[0027] Thus, there has been shown and described several em- 
bodiments of a novel invention. As is evident from the 
foregoing description, certain aspects of the present in- 
vention are not limited by the particular details of the ex- 



amples illustrated herein and it is therefore contemplated 
that other modifications and applications, or equivalents 
thereof, will occur to those skilled in the art. Many 
changes, modifications, variations and other uses and ap- 
plications of the present constructions will, however, be- 
come apparent to those skilled in the art after considering 
the specification and the accompanying drawings. All such 
changes, modifications, variations and other uses and ap- 
plications which do not depart from the spirit and scope 
of the invention are deemed to be covered by the inven- 
tion which is limited only by the claims which follow. 



